In this paper, we study differential equations arising from the generating functions of the generalized tangent polynomials. Finally, we give explicit identities for the tangent polynomials.
Introduction
Most of the special functions of mathematical physics have been proposed as physical problems. Many mathematicians have investigated various properties for special polynomials(see [1, 2, 3, 9] ). It is also interesting to study the symmetry and identity of special polynomials(see [1, 3, 8] ). We have worked in the area of the tangent numbers and polynomials(see [3, 4, 5, 6, 7, 8] ). In this paper, the identity of generalized tangent polynomials is obtained by using differential equation derived from the generating functions of generalized tangent polynomials. Ryoo [3] defined the tangent numbers T n by means of the the generating function 2 e 2t + 1 = ∞ n=0 T n t n n! .
The generalized tangent polynomials T n (x) may be defined by the generating function
Note that T n (1) = T n . First few examples of tangent polynomials are
The symbol < x > n is used for the rising factorial: < x > n = x(x + 1) · · · (x + n − 1)(see [1, 2, 8, 9] ). Differential equations arising from the generating functions of special polynomials are studied by many authors in order to give explicit identities for special polynomials(see [2, 5, 6] ). In this paper, we study differential equations arising from the generating functions of generalized tangent polynomials. We give explicit identities for generalized tangent numbers and polynomials.
Explicit identities for the generalized tangent polynomials
In this section, we give explicit identities for the generalized tangent polynomials arising from differential equations. First, we study differential equations arising from the generating functions of generalized tangent numbers. Let
Then, by (2.1), we obtain
and
Continuing this process, we can guess that
Differentiating (2.4) with respect to t, we obtain
On the other hand, by replacing N by N + 1 in (2.4), we get
By (2.5) and (2.6), we have
Comparing the coefficients on both sides of (2.7), we have
In addition, by (2.2) and (2.4), we get
Thus, by (2.10), we obtain a 0 (1) = 1. (2.11)
It is not difficult to show that
(2.12) Thus, by (2.12), we also find a 0 (2) = 1, a 1 (2) = 2. For i = 1, 2, 3 in (2.9), we get
Continuing this process, we can deduce that, for 1 ≤ i ≤ N − 1,
Note that, here the matrix a i (j) 0≤i≤N,1≤j≤N +1 is given by
Now, we give explicit expressions for a i (N + 1). By (2.14) and (2.15), we get
Continuing this process, we get
(2.16) Therefore, by (2.16), we obtain the following theorem. N = 1, 2, . . . , the functional equation
Theorem 2.1 For
From (1.1), we note that
From Theorem 1 and (2.17), we can derive the following equation:
(2.18) Now comparing the coefficients on both sides of (2.18), we give explicit identities for the generalized tangent polynomials arising from differential equations. Theorem 2.2 For k = 0, 1, . . . , and N = 1, 2, . . . , we have
If we take k = 0 in Theorem 2.2, then we have the following corollary. Here is a plot of the surface for this solution.
In Figure 1 (left), we plot of the surface for this solution. In Figure 1 (right), we show a higher-resolution density plot of the solution.
